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THE tissue and developmental expressions
of multilocus isozymes have considerable potential for application in phylogenetic studies (Whitt, 1981; Buth, 1984) . These characteristics of genome structure and regulation have been largely overlooked with greater emphasis given to allelic differences and inferences about genetic distances based on computed allele frequencies. Nevertheless, gene expression data have been used as characters in a few systematic studies especially using the lactate dehydrogenase system, e.g., tissue specificity ( In the present study, we examine the gene expression attributes of the creatine kinases of amphibians and reptiles and evaluate these characteristics in terms of their utility in phylogenetic studies.
MATERIALS AND METHODS
Comparative data were obtained through a summary of our studies in the laboratory of G. C. Gorman at UCLA and a literature survey. Deposition of our voucher specimens and exposition of data in greater detail are addressed in treatments of specific taxonomic groups, e.g., Lieb (1981) 
RESULTS AND DISCUSSION
Creatine kinase loci.-Fisher and Whitt (1978) examined nine amphibian and reptilian species and established that, based on immunochemical properties, the two creatine kinase loci expressed in these groups correspond to the Ck-A and Ck-C loci of fishes and mammals. We found that, at most, two CK loci are expressed in diploid amphibians and reptiles. Although Gartside et al. (1977) reported three CK loci in Alligator mississippiensis, Ck-1 and Ck-2 from heart and Ck-3 from skeletal muscle, these data have been reinterpreted; the "Ck-2" product expressed in heart is probably the Ck-AC interlocus heterodimeric product (L. D. Densmore, pers. comm.). A more recent survey of ten tissues for creatine kinase activity in A. mississippiensis revealed the products of two loci; Ck-2 (=Ck-A) predominating in skeletal muscle and Ck-1 (=Ck-C) predominating in kidney and heart (Dessauer and Densmore, 1983).
Tissue expression-The pattern of tissue expression of creatine kinase activity shows considerable variation in amphibians and reptiles as is seen in the toad genus Bufo (Fig. 1) . In most of the species of Bufo that we have examined, a relatively restricted pattern of tissue expression is observed. Strong Ck-A activity is found in skeletal muscle, whereas Ck-C is not expressed in this tissue. Ck-C activity is substantial in stomach but Ck-A activity is lacking. The Ck-A and Ck-C loci are both expressed in eye and heart but not to the degree as seen in muscle and stomach, respectively. Creatine kinase activity is negligible, at least as far as being scorable, in brain and liver tissues. These patterns of expression generally correspond to those of Bufo americanus (Fisher and Whitt, 1978) and Bufo marinus (Fisher and Whitt, 1978, 1979) . However, minor differences in tissue expression can be noted among some of the species of Bufo in this study and those of Fisher and Whitt (1978, 1979) . For example, creatine kinase products are reported from brain in B. americanus and B. marinus, but we failed to resolve activity in this tissue in several other species of Bufo (Fig. 1) . We have examined creatine kinase expression in Bufo marinus and have resolved products of the Ck-A locus in brain tissue as reported by Fisher and Whitt (1979) and shown in Fig. 5 of the latter study. Thus, these differences among species are probably due to tissue specific regulation of expression and, in Bufo, may be of systematic value at the subgeneric level. Contrasting this relatively restricted pattern of CK expression in Bufo, is the more widespread pattern of tissue expression observed in other taxa such as the Pacific rattlesnake, Crotalus viridis. In C. viridis, strong Ck-A activity is observed in heart, stomach and skeletal muscle, whereas strong Ck-C activity is observed in brain, kidney, stomach and intestine (Murphy and Crabtree, 1985) and tissue specificity of expression is known to vary between the embryonic stages and adults (Crabtree and Murphy, 1984). Dessauer and Densmore (1983) reported an even greater array of tissue expression in Alligator mississippiensis; products of both Ck-A and Ck-C loci were found in almost all of ten tissues examined.
Fisher and Whitt (1978) concluded that amphibians and reptiles do not express the high degree of tissue specificity usually found in the advanced fishes. We agree with their statement and add that a diversity of tissue expression is observed, with some amphibians and reptiles exhibiting relatively widespread patterns (several tissues) while others are relatively restricted (few tissues). In general, strong Ck-A activity is always observed in skeletal muscle, strong Ck-C activity is always observed in stomach, and the Ck-C locus is rarely expressed in skeletal muscle (e.g., Alligator mississippiensis as reported by Dessauer and Densmore, 1983).
Interlocus heterodimer formation.-In fishes, the loss of ability to form interlocus heteropolymers in multilocus multimeric enzyme systems has been correlated with phyletic advancement in lactate dehydrogenase (Toledo and Ribeiro, 1978) and creatine kinase (Ferris and Whitt, 1978a). The creatine kinases of amphibians and reptiles vary in their ability to form the heterodimer between the products of the Ck-A and Ck-C loci. Seasnakes of the genus Laticauda form the Ck-AC heterodimer in tissues (e.g., heart) that express both Ck-A and Ck-C in this group (Fig. 2) . Many toads of the genus Bufo (Fig. 1) can form the Ck-AC heterodimer in tissues that express sufficient amounts of Ck-A and Ck-C gene products. However, only the Ck-A2 and Ck-C2 homodimers are expressed in eye tissue of Bufo marinus (Fisher and Whitt, 1979). The absence of the anticipated interlocus heterodimer in B. marinus may be an artifact of these gene products being produced in separate tissue types, e.g., Ck-C in the retina and Ck-A in extraocular muscles. A more unequivocal situation exists in the prairie rattlesnake, Crotalus v. viridis where both Ck-A and C products are produced in stomach tissue yet no Ck-AC interlocus heterodimer is formed (Murphy and Crabtree, 1985). Failure to form heteropolymers via the random combination of subunits is considered an evolutionary derivation, relative to the primitive condition in which no restriction is placed on the combination of subunits. Unfortunately, few taxa have had multiple tissues screened for CK activity to allow evaluations of Ck-AC formation thus making comparative data scarce. Additional taxa need to be examined in this fashion to ascertain the utility of this character in phyletic evaluations.
Intralocus heterodimer formation.-The formation of heteropolymers from different allelic components encoded by a single locus is directly related to heterozygosity at the locus controlling expression of the multimeric enzyme in question. In fishes, Ck-A heterozygosity is relatively uncommon (Ferris and Whitt, 1978a) . We found that Ck-A heterozygosity is similarly uncommon in amphibians and reptiles. All known heterozygous taxa, including several interspecific hybrids, are listed in Table 1 . Our examination of certain groups in greater depth (Table 2) supports our contention that intraspecific variability (at least at the Ck-A locus) is very low.
In all but one species, an intralocus heterodimer is formed in individuals heterozygous at the Ck-A locus. Our examples include an interspecific amphibian hybrid (Fig. 1) and a reptilian species (Fig. 3) . Two of five specimens of Petrosaurus mearnsi from central Baja California del Norte expressed a heterozygous condition (Table 1) involving the formation of only two forms (presumptive homodimers) of creatine kinase. The restriction of the Ck-A intralocus heterodimer in P. mearnsi is comparable to such restriction in the teleost fishes (Ferris and Whitt, 1978a; Buth, 1979a). This interpretation is made with some reservation. Presumptive Ck-A products were resolved using a general protein stain (Buth, 1979a) and not a specific histochemical stain. Although we believe these proteins are Ck-A products on the basis of their predominance in skeletal muscle tissue and their relative electrophoretic mobility, fresh samples of P. mearnsi from this particular locality are needed to confirm the identity of these proteins with a specific stain for CK.
Statements regarding relative levels of polymorphism at the Ck-C locus are premature because so few amphibians and reptiles have been examined for these gene products. At present, there are no known Ck-C heterozygotes.
CONCLUSIONS
The evolutionary patterns of creatine kinase expression in amphibians and reptiles are summarized in Table 3 . As a group, diploid amphibians and reptiles do not vary in the number of creatine kinase loci expressed (Ck-A and Ck-C). This condition is regarded as primitive, the derived state (more than two CK loci) appearing only in certain groups of bony fishes. In expressing only the plesiomorphic state, this char- acter is of no phyletic utility in evolutionary studies of amphibians and reptiles.
Amphibians and reptiles do vary in the patterns of tissue-specific expression of creatine kinase and in the ability to form interlocus and intralocus heterodimers. The evolutionary polarity shown in Table 3 [+] b An interspecific hybrid (Table 1) .
Origin-I
[-] 1 2 3 4 5 6 7 8 9 Fig. 3 . Zymogram of creatine kinase expression as resolved from a tissue mixture (heart-lung-muscle) in iguanid lizards of the genus Anolis. The products of the Ck-A locus form intralocus heterodimers in the heterozygous condition as shown in A. uniformis (specimens 3 and 7). The Ck-C locus is not expressed in these tissues of these species. problems. However, these inferences must be applied with caution. In these cases, the derived states (restriction of CK expression to certain tissues, lack of the ability to form lieterodimers) are loss events. Inappropriate synapomorphic status may be assigned in situations where the derived state was achieved through independent loss events. Such parallelism might be minimized if these characters are applied only to treatments of lower taxonomic categories. However, application in higher categories is certainly possible in some situations. Comparable problems exist in the application of gene duplication data in phyletic studies (Ferris and Whitt, 1978b; Buth, 1979b).
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